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Figure 6. Electron micrograph showing detrital texture in mudstone of the Beluga Forma
tion. Sample 2 (table 4, appendix 1).
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communality for sodium indicate that the distribution of
sodium is not well explained by the factor model. The pres
ence at the opposite pole of quartz, which is complexly dis
tributed among most sediments, suggests, perhaps, that the
sediment source high in volcanic materials was low in quartz
or that quartz was dissolved during diagenesis.

SEDIMENT SOURCES

Some obviously important sediment sources for the
various Tertiary stratigraphic units in the Cook Inlet Basin
are the Aleutian and Alaskan Ranges to the northwest and
the Kenai and Chugach Ranges to the southeast (Hayes and
others, 1976). Other possible sources include the ancestral
drainages of the Matanuska and Susitna Rivers (fig. 1),
which drain the Talkeetna Mountains and the Copper River
Basin. All of these sources probably contributed sediments
to the Tertiary stratigraphic units during the Tertiary; how
ever, certain generalizations can be made as to the relative
importance of each (Dickinson and Skipp, 1992). The Aleu
tian-Alaskan Ranges source has been characterized as gra
nitic and felsic volcanic in character and the Kenai-Chugach
Ranges source as metamorphic in character (Hayes and oth
ers, 1976). Heavy minerals also have been used to distin
guish the two major sediment source areas (Hite, 1976;
Biddle, 1977). The Aleutian-Alaska Ranges sediment
sources contain more hornblende and the Kenai-Chugach
Ranges sources contain more epidote and possibly more

garnet. The heavy-mineral contributions of the Talkeetna
Mountains and the Copper River Basin sources are
unknown.

The distribution of minerals and elements in the data for
the study area suggests that the Beluga and Tyonek Forma
tions received their sediments primarily from the Kenai and
Chugach Ranges to the southeast and that the West Foreland
Formation received its sediments primarily from the Aleu
tian and Alaska Ranges to the northwest. The low chlorite
illite content and the volcanic component in the West Fore
land (appendix 1) suggest the Aleutian-Alaskan Ranges
source to the northwest. If the West Foreland Formation was
deposited on alluvial fans near the mountain front, the sedi
ment source would have necessarily been the Aleutian
Alaska Ranges. On the other hand, if we follow Hayes and
others (1976), the high chlorite and illite content in the
Tyonek and Beluga Formations suggests a predominant sed
iment source in the Kenai-Chugach Ranges to the southeast.
The setting of the surrounding terrane and the location of the
deposits suggest that the source was valleys drained by the
ancestral Susitna and Matanuska Rivers. Either of these
areas could have supplied a large variety of.igneous, meta
morphic, and sedimentary source materials.

Certain chemical and mineralogic differences are noted
between the stratigraphic units described herein. Based on
the data presented in appendix 1, the West Foreland Forma
tion is different from the Kenai Group in that it contains
more postassium, gallium, uranium, thoriium, ytterbium,
sodium, barium, feldspar, smectite, and zeolite and less
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Table 2. Correlation coefficient matrix for data.
[Data set isgiven in appendix 1]

Uranium Thorium Iron Magnesium Calcium Titanium

Uranium 1.00
Thorium 0.81 1.00
Iron 0.35 0.29 1.00
Magnesium -0.11 -0.11 0.38 1.00
Calcium -0.31 -0.39 0.12 0.35 1.00
Titanium 0.27 0.32 0.66 0.28 0.07 1.00
Manganese -0.09 -0.17 0.34 0.37 0.64 0.17
Barium 0.47 0.30 0.27 -0.29 -0.48 0.15
Chromium 0.37 0.29 0.24 0.07 -0.12 0.32
Copper 0.48 0.30 0.42 0.27 0.11 0.49
Nickel 0.39 0.36 0.47 0.38 -0.11 0.54
Scandium 0.46 0.41 0.71 0.37 0.15 0.86
Strontium -0.30 -0.32 0.35 0.14 0.27 0.32
Vanadium 0.51 0.37 0.61 0.35 -0.05 0.72
Yttrium 0.63 0.65 0.70 0.21 -0.07 0.58
Zirconium 0.26 0.49 -0.05 -0.25 -0.15 0.10
Aluminum 0.58 0.58 0.74 0.16 -0.03 0.69
Sodium 0.07 0.11 0.19 0.03 0.26 0.41
Potassium 0.75 0.60 0.34 -0.18 -0.20 0.27
Gallium 0.78 0.64 0.32 -0.11 -0.12 0.40
Ytterbium 0.65 0.68 0.52 -0.04 -0.10 0.42
Quartz -0.32 -0.09 -0.53 -0.03 -0.33 -0.45
Feldspar -0.04 -0.02 -0.08 -0.16 -0.03 -0.04
Illite 0.26 0.12 0.18 0.31 -0.12 0.25
Chlorite 0.34 0.11 0.08 0.14 -0.07 0.11
Smectite -0.08 -0.02 0.34 0.06 0.12 0.24
Zeolite -0.10 -0.05 0.13 -0.13 0.06 0.11

Manganese Barium Chromium Copper Nickel Scandium

Manganese 1.00
Barium -0.33 1.00
Chromium 0.10 0.08 1.00
Copper 0.30 0.20 0.64 1.00
Nickel 0.15 0.19 0.68 0.78 1.00
Scandium 0.25 0.13 0.34 0.50 0.55 1.00
Strontium 0.05 0.05 -0.33 -0.23 -0.37 0.28
Vanadium 0.20 0.19 0.63 0.83 0.77 0.74
Yttrium 0.17 0.35 0.20 0.31 0.43 0.73
Zirconium -0.16 0.17 -0.27 -0.29 -0.30 0.05
Aluminum 0.12 0.30 0.19 0.31 0.36 0.79
Sodium 0.14 0.07 -0.03 0.11 0.06 0.37
Potassium -0.10 0.37 0.24 0.31 0.19 0.42
Gallium -0.05 0.26 0.30 0.38 0.18 0.56
Ytterbium -0.01 0.41 -0.11 -0.01 0.05 0.55
Quartz -0.20 -0.32 0.10 -0.30 0.04 -0.51
Feldspar -0.11 0.10 -0.44 -0.28 -0.33 -0.03
Illite 0.15 0.09 0.67 0.68 0.73 0.27
Chlorite 0.14 0.22 0.58 0.68 0.59 0.23
Smectite -0.06 0.18 -0.24 -0.27 -0.24 0.23
Zeolite -0.09 0.30 -0.34 -0.03 -0.30 -0.13

manganese, chromium, copper, vanadium, chlorite, and
illite. These differences, although slight for some minerals or
elements, reflect differences in source area, lithology, and
alteration of the sediments during transport or after
deposition.

CLAY MINERALS AND ZEOLITES

Clay minerals in the Kenai Group and West Foreland
Formation in the Cook Inlet Basin can be divided into detri
tal and diagenetic groups (table 4). The zeolite, which
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Table 2. Correlation coefficient matrix for data set-Continued.

Strontium Vanadium Yttrium Zirconium Aluminum Sodium
Strontium 1.00
Vanadium -0.01 1.00
Yttrium 0.09 0.44 1.00
Zirconium 0.17 -0.28 0.30 1.00
Aluminum 0.26 0.60 0.72 0.22 1.00
Sodium 0.18 0.05 0.40 0.40 0.35 1.00
Potassium 0.D7 0.41 0.56 0.35 0.63 0.22
Gallium 0.07 0.50 0.49 0.35 0.66 0.18
Ytterbium 0.17 0.16 0.81 0.55 0.75 0.39
Quartz -0.49 -0.28 -0.50 -0.10 -0.50 -0.40
Feldspar 0.26 -0.21 0.09 0.40 0.10 0.40
Illite -0.34 0.68 0.05 -0.32 0.02 -0.14
Chlorite -0.46 0.51 0.03 -0.42 0.05 -0.18
Smectite 0.48 -0.12 0.26 0.15 0.16 0.04
Zeolite 0.41 -0.25 0.10 0.40 -0.08 0.30

Potassium Gallium Ytterbium Quartz Feldspar Illite
Potassium 1.00
Gallium 0.68 1.00
Ytterbium 0.61 0.56 1.00
Quartz -0.41 -0.40 -0.53 1.00
Feldspar 0.30 -0.04 0.25 -0.36 1.00
Illite 0.01 0.08 -0.29 0.24 -0.41 1.00
Chlorite -0.01 0.21 -0.21 -0.01 -0.48 0.67
Smectite -0.27 0.06 0.34 -0.38 0.02 -0.31
Zeolite 0.09 -0.03 0.20 -0.45 0.28 -0.44

Chlorite Smectite Zeolite
Chlorite 1.00
Smectite -0.34 1.00
Zeolite -0.40 0.33 1.00

probably is mostly heulandite but may also contain some
clinoptilolite, is diagenetic.

Chlorite and illite are interpreted as detrital in origin
because they are abundant in the unconsolidated, unal
tered, or slightly altered rocks of the Tyonek and Beluga
Formations and common in the West Foreland Formation
over a wide area, and because they are abundant in the
Chugach-Kenai Ranges source rocks (Hayes and others,
1976; Dickinson and Skipp, 1992). In addition, they dis
play a detrital texture in electron micrographs (fig. 6).
Chorite and illite are strongly correlated in the sample set
(r=+O.67, table 2), probably because both chlorite and
illite were deposited in the fine-grained fraction of the flu
vial mudstone and claystone.

Some of the smectite may also be detrital, but most of
it formed diageneticaIly from tuffaceous material originally
a part of the sediments. Volcanic grains in the mudstone are
coated by smectite in the West Foreland Formation (fig. 7).
Smectite has a negative correlation with chlorite (r=-O.34)
and illite (r=-O.31) (table 2) in the sample set (appendix 1).
This relation could not be explained if the smectite was
deposited as part of the [me fraction of the detrital compo
nent; therefore, much of the smectite must be diagenetic.

Abundant kaolinite and small amounts of montmorillo
nite (smectite), together with mixed-layer (layers not speci
fied) clay, have been reported from the Capps and Chuitna
coal fields (Odum and others, 1988). The absence of kaolin
ite in the samples of this report is probably because the
kaolinite is in rocks related to the coals, and samples of these
rocks were not analyzed for clay minerals.

The zeolites, which consist of clinoptilolite and (or)
heulandite, are in the interstices of sandstone and mudstone
and are diagenetic (fig. 7). X-ray energy-dispersive spec
trometry indicates that the zeolite is rich in calcium relative
to potassium, which favors heulandite rather than clinoptilo
lite.

In the study area (fig. 1) the West Foreland Formation
contains more volcanic material than do units of the overly
ing Kenai Group (Adkison and others, 1975; Magoon and
others, 1976, Croff and others, 1977), and it also contains
more zeolite and smectite (table 4, appendix 1). The West
Foreland contains less chlorite and illite than do the overly
ing units. Perhaps some smectite and zeolite formed from
the volcanic component of the sediments, and the sedi
ments were diluted by illite- and chlorite-barren volcanic
materials.
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Table 3. Varimax factor analysis for five factors.
[Primary factor loadings are underlined]

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Communality

Uranium 0.81 0.34 -0.11 -0.27 0.03 0.86
Thorium 0.87 0.11 -0.09 -0.24 -0.18 0.87
Iron 0.44 0.33 0.66 0.19 0.13 0.80
Magnesium -0.03 0.26 0.37 0.56 -0.22 0.57
Calcium -0.20 -0.05 0.09 0.80 0.25 0.76
Titanium 0.46 0.38 0.54 0.22 0.17 0.73
Manganese -0.01 0.19 0.05 0.76 0.09 0.63
Barium 0.26 0.22 0.21 -0.70 0.36 0.78
Chromium 0.19 0.76 -0.10 -0.02 -0.18 0.65
Copper 0.22 0.89 -0.03 0.13 0.24 0.92
Nickel 0.28 0.82 0.09 0.09 -0.18 0.80
Scandium 0.62 0.39 0.48 0.32 0.07 0.88
Strontium -0.06 -0.31 0.64 0.14 0.42 0.70
Vanadium 0.40 0.81 0.24 0.12 0.02 0.88
Yttrium 0.79 0.14 0.37 0.08 0.09 0.79
Zirconium 0.55 -0.53 -0.11 -0.12 0.18 0.65
Aluminum 0.79 0.17 0.38 0.12 0.09 0.83
Sodium 0.38 -0.11 -0.02 0.35 0.52 0.54
Potassium 0.77 0.13 -0.18 -0.14 0.33 0.77
Gallium 0.76 0.20 0.02 -0.10 0.12 0.64
Ytterbium 0.86 -0.23 0.30 -0.07 0.15 0.90
Quartz -0.33 -0.06 -0.40 -0.12 -0.73 0.82
Plagioclase 0.18 .45 -0.15 0.04 0.54 0.55
Illite -0.01 0.84 -0.08 0.03 -0.24 0.76
Chlorite -0.03 0.83 -0.17 -0.07 -0.09 0.73
Smectite 0.01 -0.32 0.80 -0.11 0.03 0.75
Zeolite -0.06 -0.29 0.24 -0.20 0.69 0.66

Table 4. X-ray diffraction counts of oriented, glycolated mounts for clay minerals and zeolites from samples having
high clay contents.
[Sample descriptions, analyses, and locations are given in appendixes 1 and 2. Cystallographic index for peak measured is given in
parentheses (table 1). Leaders (--) indicate peak not detected]

Sample Stratigraphic Smectite Illite Chlorite
number unit (00l) (00l) (002)

1 Beluga Formation 113 63 123
2 Beluga Formation 79 116 255
9 Tyonek Formation 100 45 54

12 Tyonek Formation 127 48 230
21 West Foreland Formation 139 28 27
22 West Foreland Formation 87
24 West Foreland Formation 656 28 24

Zeolite and (or)
heulandite (800)

106
29

•

URANIUM FAVORABILITY

Tertiary sedimentary rocks in the study area probably
have relatively low favorability for uranium deposits. This
estimation is based on lack of evidence for widespread alter
ation of the potential host rocks in the study area and the lack
of known uranium deposits. The high correlation between
uranium and thorium (fig. 8, table 2) and the low ThIU ratio
(<2 for each of the three formations) are regarded as unfavor
able. The Uffh ratio is erratic in rocks that have been sub
jected to epigenesis because uranium is mobilized by
oxidizing ground water and thorium is not. The uranium

content of the samples analyzed for this study ranges from
2.0 to 4.9 ppm for the West Foreland Formation, from 1.4 to
5 ppm for the Tyonek Formation, and from 1.7 to 4.9 ppm
for the Beluga Formation (appendix 1).

The West Foreland Formation may have a slightly
higher favorability for uranium deposits in the study area
than the overlying Tyonek and Beluga Formations. The
West Foreland Formation has a more granitic and felsic vol
canic source than the Tyonek and the Beluga. In addition,
more samples of the West Foreland contain diagenetic min
erals, especially montmorillonite and zeolite (table 4, appen
dix 1). The presence of diagenetic minerals in the West
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Figure 7. Tuffaceous sedimentary rocks of West Foreland Formation. A, Photomicro
graph showing zeolite crystals that grew in interstices of tuffaceous sandstone. Sample 27
(table 4, appendix 1). B, Electron micrograph of siltstone showing zeolite (1) and smectite
(2). Sample 22 (table 4, appendix 1).
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Foreland Fonnation increases the likelihood that epigenetic
uranium mineralization occurred in these rocks.

The overall favorability for uranium in the Cook Inlet
Basin was rated as low by Croff and others (1977). They
stated (p. 3, v. 1), however, "that certain fonnations contain
favorable environments for sandstone-type uranium depos
its." Of the fonnations studied herein, they ranked the
Tyonek Fonnation first in uranium favorability, the West

Foreland Fonnation second, and the Beluga Fonnation third.
Their ratings were based on numerous factors including geo
logie age, depositional environment, provenance, and litho
facies of potential host rocks. Dickinson and Campbell
(1978) rated the undivided Kenai Group and the West Fore
land Fonnation in the Tyonek-Capps Glacier area higher in
uranium favorability than corresponding rocks on the Kenai
Peninsula and lower than generally correlative rocks in the
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Figure 8. Scatterplot of uranium and thorium from samples of the West Foreland (asterisks), Tyonek (pluses), and Beluga Forma
tions (rectangles) in the Cook Inlet Basin area.

Susitna Lowlands, based primarily on uranium and thorium
content of the potential host rocks.

In a study of the Tyonek 1:250,OOO-scale quadrangle
area, Manning and Hinderman (1982) found no geologic
environments favorable for uranium; however, they
included the Cook Inlet Basin in their category of "uneval
uated environments." They listed two uranium occurrences
in the Tyonek quadrangle. One of these is near Shirley
Lake in the northwestern part of the quadrangle, about
55 kIn north of the northwest corner of the present study
area. At Shirley Lake the uranium is on and adjacent to
joints or fractures in basaltic and andesitic tuff and brec
cia (Freeman, 1963) and most likely was precipitated
from ground water. The second uranium occurrence is in
the Tyonek Formation along the Kahiltna River, about 52
kIn north of the northeast corner of the present study
area; no geologic or geochemical information is available.
A radioactive spring has been reported near Beluga Lake
(Sainsbury, 1990). Neither the exact location of the spring
nor its relation to the Tyonek Formation, which crops out
northeast of the lake, is known to the authors. Sainsbury
(1990) claimed that both the spring water and the spring
sediments are high in uranium and that the spring water is
high in radon.

CONCLUSIONS

1. Uranium potential for the Tertiary Kenai Group
and the Paleocene and Eocene West Foreland Formation is
low in the study area.

2. Uranium potential is higher for the West Foreland
Formation than for the overlying Kenai Group because the
West Foreland contains more volcanic materials and more
evidence of epigenesis.

3. Volcanic materials in the Tertiary sedimentary
rocks in the study area have altered to a zeolite and to smec
tite.

4. A strong correlation between thorium and uranium
(r=+0.81) in samples of Tertiary sedimentary rocks in the
study area suggests that substantial amounts of uranium have
not been mobilized in oxidizing ground water.

5. Association of uranium with other rare earth ele
ments including ytterbium suggests that uranium is abundant
in a placer constituent of the sandstone.

6. Three principal clay mineral suites are present in
Tertiary sedimentary rocks of the study area: kaolinite,
which is related to coal beds; chlorite and illite, which are
closely associated (r=+0.67) detrital clays common in all
of the sediment source areas but more abundant in the
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Kenai-Chugach Ranges-derived sediments than in the
Aleutian-Alaska Ranges-derived sediments; and smectite,
which resulted from alteration of the volcanic materials
derived from the Aleutian-Alaska Ranges.

7. Copper, nickel, and chromium, which are more
abundant in mafic rocks and which are present in sulfide
minerals, are associated with the illite-chlorite clays of the
study area The clays suggest a relation to the Kenai
Chugach Ranges source, which is probably more mafic than
the Aleutian-Alaska Ranges source.

8. Titanium and iron are closely associated (r=+O.66)
and probably are present together in the mineral ilmenite.
Ilmenite represents a more felsic source, probably the Aleu
tian-Alaska Ranges. Titanium and iron are also associated
with smectite, which is an alteration product of the volcanic
materials more common in the Aleutian-Alaska Ranges
source.

9. The cations of calcium, manganese, and magne
sium are associated with and probably represent the plagio
clase and chlorite from mafic igneous rocks and
metamorphic rocks of the Chugach-Kenai Ranges sediment
source area.
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APPENDIX I-CHEMICAL AND MINERALOGICAL DATA FOR
SAMPLES OF THE WEST FORELAND, TYONEK, AND BELUGA FORMATIONS

Samples are shown by number in measured sections of appendix 2. Elements are in parts per million (ppm) or percent,
as indicated at top ofcolumn. Values for quartz, feldspar, chlorite, illite, smectite, and zeolite are peak areas in square inches;
the crystallographic indices of the peaks measured are given in table 1. Mean is the arithmetic mean; St. dev. is standard
deviation.

A. Description of samples

Sample Measured
number section

1 19
2 17
3 17
4 18
5 18
6 21
7 20
8 20

9 10
10 11
11 14
12 13
13 13
14 13
15 16
16 15
17 9
18 12

19 2
20 3
21 8
22 8
23 6
24 6
25 4
26 7
27 5
28 1

Rock type
BELUGA FORMATION

Mudstone, gray to brown, calcareous, conglomeratic
Siltstone, gray, dense, calcareous
Siltstone, gray, platy, calcareous, carbonaceous
Siltstone,light-brown, dense, micaceous
Sandstone, light-brown, fine- to medium-grained, unconsolidated
Conglomerate, light-brown, silty, soft
Sandstone, fine-grained, gray, silty, friable
Sandstone, reddish-brown, medium-grained, poorly sorted

TYONEK FORMATION

Siltstone, brown to gray, dense
Siltstone, brown to gray, micaceous, iron-oxide-stained
Sandstone, gray, soft, conglomeratic, noncalcareous
Conglomerate, soft, sandy, silty
Sandstone, tan, fine-grained, silty
Claystone, brown-gray to gray, carbonaceous
Siltstone, light-brown, micaceous, clayey
Siltstone, brown, dense, micaceous, noncalcareous
Siltstone, brown, dense, micaceous, noncalcareous
Siltstone, tan, crumbly, trace carbon

WEST FORELAND FORMATION

Conglomerate, brown, soft, sandy
Conglomerate, brown, hard, lithic
Conglomerate, brown, hard, clayey, noncalcareous, volcanic grains
Siltstone, brown, dense, noncalcareous
Sandstone, light-brown, coarse-grained, noncalcareous
Claystone, light-gray, brown, crumbly
Siltstone, tan, dense, trace iron oxide stain
Conglomerate, brown, soft, sandy, silty
Sandstone, brown, fine- to coarse-grained, hard, tuffaceous
Conglomerate, brown, hard, calcareous
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B. Chemical and mineralogical data

Sample U Th Fe Mg Ca Ti Mn Ba Cr Cu Ni Sc Sr V
number (ppm) (ppm) (percent) (percent) (percent) (percent) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

BELUGA FORMATION

1 2.1 3.3 3.0 1.5 2.0 0.50 700 700 50 50 30 15 300 150 C
~

2 3.1 5.4 3.0 1.5 0.30 0.50 700 700 150 70 70 20 200 150

~3 2.4 2.7 2.0 1.0 7.0 0.30 300 500 70 50 30 15 200 70
4 4.9 7.7 5.0 0.70 0.70 0.50 700 1,000 100 70 70 20 200 150 ;(
5 2.1 3.7 1.5 0.70 0.70 0.30 300 700 30 15 20 7.0 150 70 "!l

6 1.9 4.8 2.0 1.5 1.5 0.30 700 700 30 30 30 15 200 70 ~
7 2.7 3.8 3.0 2.0 0.30 0.30 300 700 70 50 50 15 150 100 0

~

8 1.7 0.59 3.0 1.5 2.0 0.30 300 700 15 15 7.0 15 700 100 ~
Mean 2.62 4.00 2.81 1.30 1.81 0.38 500 713 64.4 43.8 38.4 15.3 263 80.0 ....
St. dey. 0.97 1.95 1.00 0.43 2.07 0.10 200 127 41.3 20.4 1.41 3.77 171 54.3 ~TYONEK FORMATION

9 4.9 8.1 3.0 1.0 0.30 0.30 300 1000 100 70 50 15 150 150
0
"!l

10 2.5 2.3 3.0 1.5 7.0 0.30 3,000 500 70 70 30 15 150 100 trl
11 1.9 2.9 0.70 0.30 0.15 0.15 70 700 20 15 15 5.0 70 30 ~

12 2.1 0 0.50 0.15 0.15 0.07 70 1,000 15 30 7.0 3.0 50 30 ~13 1.4 2.1 0.70 0.20 0.20 0.15 70 700 150 10 15 3.0 70 30 -<
14 5.1 6.2 1.0 0.50 0.30 0.30 30 700 100 70 15 15 150 150 ~

15 3.0 6.3 3.0 1.5 0.50 0.50 300 700 70 70 70 20 15 150 ~
16 4.6 4.0 5.0 1.5 0.70 0.30 700 1,000 100 70 70 15 15 150 ~
17 5.0 11.9 3.0 1.5 0.30 0.50 150 1,000 100 70 70 20 20 150 .
18 4.1 9.4 5.0 0.70 0.30 0.30 700 700 70 30 15 15 200 100 g
Mean 3.45 5.32 2.49 0.89 0.99 0.29 539 800 79.5 50.5 30.7 12.6 89.0 104

~St. dey. 1.35 3.52 1.62 0.55 2.01 0.13 854 173 38.2 24.5 26.7 6.17 64.4 52.0 h
WEST FORELAND FORMATION ttl

19 2.5 4.5 1.5 0.50 0.50 0.15 300 700 15 10 10 7.0 150 30 ~20 3.7 7.6 1.5 0.50 0.70 0.20 300 700 15 15 7.0 10 200 30
1!=21 3.2 5.6 3.0 0.70 1.5 0.30 300 1,000 30 70 15 7.0 300 70

22 2.0 2.1 5.0 1.5 3.0 0.50 500 1,000 15 15 5.0 20 700 70 1!=
23 3.6 5.3 1.0 0.15 0.50 0.15 150 1000 7.0 7.0 3.5 10 150 30 >

til

24 4.3 9.7 3.0 0.70 0.70 0.30 150 700 30 15 15 15 100 70 ~
25 4.9 7.9 2.0 0.70 0.30 0.30 200 1,000 70 30 20 15 150 70
26 3.4 4.0 3.0 1.0 2.0 0.50 700 700 15 15 7.0 20 300 70
27 2.2 4.2 1.5 0.50 0.70 0.30 150 700 15 15 15 7.0 200 30
28 2.4 2.7 1.5 3.0 3.0 0.07 700 500 15 15 15 5.0 70 30
Mean 3.23 5.36 2.30 0.93 1.29 0.28 345 800 22.7 20.7 11.3 11.6 232 44.0
St. dey. 0.89 2.28 1.14 0.77 0.98 0.14 204 173 17.2 17.4 5.19 5.26 172 28.0



Sample Y Zr AI Na K Ga Yt Quartz Feldspar Chlorite Illite Smectite Zeolite
number (ppm) (ppm) (percent) (percent) (percent) (ppm) (ppm) (in.2) (in?) (in. 2) (in. 2) (in. 2) (in. 2)

BELUGA FORMATION
1 15 100 10 3.0 1.5 15 1.5 0.33 0.12 0.05 0.05 0 0
2 30 100 7.0 3.0 2.0 15 1.5 0.36 0.10 0.10 0.07 0 0 (")

3 15 70 7.0 3.0 2.0 15 1.5 0.20 0.06 0.07 0.02 0 0 0
4 30 100 13 2.0 3.0 20 3.0 0.17 0.05 0.09 0.04 0 0 ~
5 7.0 70 7.0 1.0 1.5 10 1.5 0.46 0.09 0.02 0.02 0 0 Z

ttl
6 20 100 7.0 2.0 1.5 10 1.5 0.50 0.06 0.04 0.02 0 0

~7 15 100 7.0 1.5 1.5 15 1.5 0.38 0.07 0.14 0.05 0 0
8 15 70 10 0.30 3.0 15 1.5 0.16 0.24 0 0 0 0

CIl
Mean 18.4 88.8 8.44 1.98 2.00 14.4 1.69 0.32 0.10 0.06 0.03 0 0 ttl

St. dey. 7.48 14.5 1.99 0.94 0.61 3.00 0.50 0.12 0.06 0.04 0.02 0 0 ~
TYONEK FORMATION ttl

9 30 100 7.0 0.70 .0 20 2.0 0.32 0.06 0.10 0.07 0 0 ~
10 20 70 7.0 1.5 1.5 15 1.5 0.17 0.06 0.11 0.03 0 0 ~

11 7.0 70 3.0 0.50 0.70 7.0 1.0 0.60 0.03 0.04 0.01 0 0 ><
~

12 7.0 30 1.5 0.30 0.70 5.0 0.70 0.24 0.09 0.17 0.03 0 0 R13 7.0 70 3.0 0.70 1.5 7.0 0.70 0.59 0.04 0.04 0.02 0 0
14 10 70 7.0 0.30 3.0 30 1.5 0.25 0.0 0.11 0.04 0 0 Pi
15 30 15 10 2.0 2.0 15 2.0 0.25 0.09 0.09 0.02 0 0 Z
16 30 10 10 1.0 3.0 15 2.0 0.29 0.04 0.10 0.05 0 0 I17 30 150 13 0.70 3.0 20 3.0 0.36 0.03 0.13 0.05 0 0
18 30 100 13 1.0 3.0 20 3.0 0.29 0.02 0.06 0.01 0 0
Mean 20.1 68.5 7.35 0.87 2.14 12.4 1.74 0.34 0.05 0.10 0.03 0 0 CIl

St. dey. 10.5 40.5 3.74 0.51 0.93 6.79 0.79 0.14 0.03 0.04 0.02 0 0 ;l
WEST FORELAND FORMATION

~
Z

19 15 150 7.0 1.5 2.0 15 1.5 0.58 0.10 0.01 0.03 0 0 (")

20 30 150 7.0 2.0 3.0 15 3.0 0.24 0.11 0 0 0 0.05 8
21 20 150 7.0 3.0 3.0 15 2.0 0 0.23 0.02 0 0 0.23 ~....
22 30 100 10 2.0 1.0 15 3.0 0 0.02 0 0 0.81 0.12 Z

23 20 150 7.0 3.0 3.0 15 3.0 0.30 0.30 0 0 0 0.03 ~
24 30 150 10 1.5 2.0 20 3.0 0.16 0.25 0 0 0.46 0

~25 30 150 13 3.0 3.0 30 3.0 0.23 0.07 0.11 0 0 0 ttl
26 30 150 10 3.0 3.0 15 3.0 0.10 0.21 0.01 0 0 0.05 >
27 15 150 3.0 0.70 1.5 15 1.5 0.48 0.05 0.01 0 0.11 0.10
28 15 70 3.0 0.70 1.0 7.0 1.5 0.50 0.05 0.03 0.02 0 0
Mean 23.5 137 7.65 2.04 2.25 16.2 2.45 0.26 0.14 0.02 0.01 0.14 0.06
St. dey. 6.73 26.9 2.92 0.89 0.81 5.47 0.69 0.20 0.09 0.03 0.01 0.26 0.07

t:l:l-\0
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APPENDIX 2-MEASURED SECTIONS OF THE WEST FORELAND, TYONEK,
AND BELUGA FORMATIONS

Locations of sections are shown in figure. 2. Section scales are in meters; sample numbers are circled and in bold, along
side scale.

Section 1. West Foreland Formation. Theodore River. NWl/4seC. 22, T. 15 N., R. 10 W., Seward Meridian

.
'"0' .0·.,·· '0',0'0' . C!'

0". o. ·0··

@30 -:~·::jto Conglomerate, brown, hard, sandy; poorly exposed

Sandstone, brown, fine-grained, hard, dense; coarse and gritty near top; interbedded conglomerate, brown,
hard, rounded pebbles, poorly exposed, maximum grain size 3 cm

Conglomerate, brown, hard, sandy; poorly exposed

Sandstone, brown, hard, medium-grained, lenticular; poorly exposed

Sandstone, brown, fairly hard; poorly exposed; conglomerate beds at various intervals

Conglomerate, grayish-brown, thick-bedded; well-rounded grains as much as 6 cm in diameter; some beds
hard
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Section 2. West Foreland Fonnatlon. East bank of the Theodore River. SE'/4 sec. 23, T. 15 N., R. 10 W., Seward Meridian

Sandstone, light-brown, friable, covered

50

40

Conglomerate claystone, bluish-gray; rounded pebbles 1-5 cm in diameter suspended in matrix; top 1.0 m
dark-gray mudstone

Conglomerate, orangish-red; horizontal beds 0.5--1.0 m thick; abundant rounded pebbles 2-5 cm in diameter;
grain-supported medium- to coarse-grained sand matrix; foreset and tabular-planar crossbeds; coal clasts;
channel deposits and sand lenses 1.0-2.0 m thick; crossbeds typical of longitudinal bars

Sandstone, brown, fine-grained; silty, light-gray claystone interbeds 1.0-2.0 cm thick

30
Conglomerate, yellowish-brown; granules to pebbles; coarse-grained sand matrix

Sandstone, reddish-brown, fine-grained; silty clay lenses
:.'~ ... '

·.e·····~

Conglomerate, yellowish-brown; granules and pebbles; grain-supported medium-grained sand matrix; coal
clasts in channels

20

..... =zB>

.:~. Sandstone, light-brown, fine-grained, friable; thickens laterally; pebble conglomerate lenses 0.5 cm thick

10

- 0- 0- 0-
- 0- 0.....9-_

- 0- - 0

o 0-=--0- 0

0- 0- 0

- 0- o-=- -'2
0 - 0

o-=-- .....9-
-0-0-0
0-

.....9 0 _ 0-

Claystone, conglomeratic, dark-gray, massive; pebbles and cobbles 2-10 cm in diameter suspended in
matrix; pebbles 1-3 cm in diameter at top; locally oxidized to deep orange red; local zones of grain
support

0- -

o
o

Claystone, dark-bluish-gray; dark and light horizontal laminations 2-4 cm thick (organic rich); scattered
granules and pebbles as large as 5 cm; few reddish-brown streaks

Conglomerate, yellowish-brown, moderately well rounded; grain supported; oxidized, granules, pebbles,
and cobbles 2.0 mm-10 cm in diameter; tabular planar crossbeds 1.0 m thick

Section 3. West Foreland Formation. West bank of the Theodore River 15.5 kIn upstream from Its mouth.
SW'/4 sec. 36, T. 15 N., R. 10 W., Seward Meridian

20 -+_,.---R~e;:.c::.;e::.;n~t..:s..:o;.:.i I_-,--j

Conglomerate, reddish-brown, granular, crumbly; partly covered
Sandstone, dark-brown, medium- to coarse-grained, poorly bedded
Conglomerate, light-gray; well-rounded pebbles in 1.0 by 10.0 m channels

Sandstone, dark-brown, medium-grained, poorly bedded; conglomeratic lenses, channels, and pebbles

Conglomerate, medium-gray; pebbles and cobbles 2-8 cm in diameter; grain-supported sand matrix
Sandstone, dark-gray, coarse-grained, poorly bedded; rounded pebbles; lenses 20-30 cm thick; channels

2-3 m long

Conglomerate, same as below; cliff-forming; top 1.0 m is dark-brown, medium to coarse-grained sandstone
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0 00
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0' 08
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Section 4. West Foreland Formation.' On Bishop Creek 9.0 krn southwest of Bishop Lake. SWI/4 sec. 22, T. 14 N.,
R. 13 W., Seward Meridian

Conglomerate, yellowish-brown (oxidized). well-rounded pebbles 1-3 cm in diameter; coarse-grained
sandstone matrix; mostly covered

Sandstone, oxidized yellowish- to orang ish-brown, medium- to coarse-grained

Conglomerate, yellowish-red; rounded pebbles 1-3 cm in diameter; coarse-grained to very coarse grained
matrix; oxidized sand lenses

'". 0 ".
, "

". b.'.

(.)i:\ ~"----

@!o--=----

Sandstone, reddish-brown (oxidized). coarse-grained; pebbles; channels containing horizontal laminations
of pebbles and granules

Claystone, light-brown, poorly bedded, locally silty, crumbly; abundant oxidized yellowish-orange to
reddish-brown streaks; mostly covered

Section 5. West Foreland Formation. 1.5 krn north of Lone Ridge and 6.4 krn south of Bishop Lake. SEI/4 sec. 32, T. 14 N.,
R. 12 W., Seward Meridian

Soil

@20-1~~
0. ~. ,..,0:0 '.~ '090

o,'o:O'?ob: 0"
0'0"0,:0 ' "00' ,
',' 0'0,"

a'-a P:'o', ',0: 0'06

10 -~'epcPo2Pbd8'

0'00 :0'0 6. ,(8)0.
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0','0>'0',60'0'-0 '
, ' b '0 ' 0 6, '9, 0'a.
'-b 'p',ocho:o:o b'o ---'"~'-'-'_'C-"'----'-','_-'-'_''---''-J

Conglomerate, light-gray to brown; vague horizontal bedding; fine-grained sandstone matrix, variable grain
to matrix support; pebbles generally-5 cm in diameter; maximum clast size 10.0 cm

Sandstone to conglomerate, reddish- to yellowish-brown, tuffaceous, oxidized; granule-sized clasts; thin clay
lenses and coaly layers

Conglomerate, light-brown; vague horizontal bedding; mostly covered; well-rounded pebbles 2-3 em in
diameter

Sandstone and interbedded conglomerate, light-brown; medium-grained sand in lenses; pebble
conglomerate 0.5 m thick in middle

Conglomerate, light-reddish-brown, oxidized; pebbles 1-3 cm in diameter; matrix supported; massive
horizontal layers

Sandstone, light-tan, medium-grained, hard; reddish-orange streaks
Conglomerate, light-gray to dark-brown; fine- to medium-grained grain-supported sand matrix
Sandstone, light-tan, medium-grained, hard, lenticular

Conglomerate, dark-reddish-brown; medium-grained sand matrix, pebbles 2-5 em in diameter

Sandstone, light-gray, medium- to coarse-grained, thick-bedded; reddish-brown streaks

Conglomerate, dark-reddish-brown, horizontally bedded; medium-grained sand matrix; oxidized pebbles
1-3 cm in diameter
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Section 6. West Foreland Fonnation. 5.4 km north of Lone Ridge. Section 30, T. 14 N., R. 12 W., Seward Meridian

Clay, gray, crumbly, soft; interbedded with 0.5-cm-thick layers of carbonized wood

Sandstone, light-brown, fine-grained, soft, clayey

Clay, light-brown, soft; interbedded black carbonaceous clay and light-brown sandstone

Sandstone, light-brown, soft, clayey, micaceous

Clay, light-brown, crumbly

Sandstone, light-brown, fine-grained, clayey

Sandstone, light-brown, fine- to medium-grained

Sandstone, light-brown, medium- to coarse-grained; conglomerate beds and lenses as thick as 30 cm

B23

Covered

O----L----------.J

Section 7. Lower part of the West Foreland Fonnation. South side of Capps Glacier. NW'/4 sec. 22, T. 14 N., R. 15 W.,
Seward Meridian

o. 0 0 0= 0 =0 o· 0 0

@ 0 0 0 0
80 0 0

0 0
0 0 0

0 0 0
0

0 ·0
0

0 0 0

70

Conglomerate, yellow to brown and yellowish-orange; oxidized zones; coarse-grained to very coarse
grained sand matrix; rounded pebbles, cobbles, and boulders 1-40 cm in diameter

Sandstone, brown to grayish-brown, medium-grained to very coarse grained, crumbly, friable, massive;
poor horizontal bedding; light-brown to green, very fine grained sandstone and claystone lens, 0.5-40.
cm thick

Claystone, dark-reddish-brown, silty, very poorly bedded, sparsely carbonaceous
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Sandstone, green to buff, very fine grained, poorly bedded, well-cemented, noncalcareous, shaly; horizontal
layers of wood fragments, green patches, and layers of clay clasts

Conglomerate, light-brown, medium-grained to very coarse grained; sand matrix, massive horizontal beds
4 m thick; conglomeratic sandstone lenses 0.5 m thick by about 15 m wide
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Section 7 (continued)

~/' ~ ? .00 0 0
0·0·0. ·00

... :0: . '.' '. ::.;.~:.}sandstone, dark-brown, medium-grained to very coarse grained, thick-bedded; trough crossbed sets
: .' 20-40 cm thick; scattered rounded pebbles 1-5 cm in diameter
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Sandstone, dark-brown, medium-grained; mostly covered; horizontally massive horizontal bedding;
conglomeratic zones with rounded pebbles 1-5 cm in diameter; more conglomeratic upward

:'0:· '. "6 p'. p·.·o:
·00.0' .0'.'0'0'

20 - :.' .0. :qQ<;) ? ": :6..' Conglomerate, dark- to yellowish-brown, horizontally bedded; sandy matrix; pebbles 1-4 cm in diameter
0.'0.' '0 o ...
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Sandstone, yellow to brown, coarse-grained, conglomeratic, thick-bedded; partly covered; scattered,
rounded, green to gray volcanic pebble~; medium-grained sandstone lenses in bottom 1 m; yellow to
brown, medium-grained sandstone near top
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.. 6 '.' ...0' "0" .
·0 '-" o. o' .0' ...

6.... : '.0' 6:·q·ci:6:.:6
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Sandstone, light-green to gray, clayey; fines upward to siltstone and silty claystone

Conglomerate, yellow to brown, sandy; rounded, scattered pebbles

Conglomerate, light-brown to gray; abundant rounded pebbles 3-5 cm in diameter; maximum particle size
15 cm; top layer of yellow to brown, oxidized sandstone
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Section 8. Upper part of the West Foreland Formation. 12.5 km west of toe of Capps Glacier. NW'/4 sec. 22, T. 14 N.,
R. 15 W., Seward Meridian

?~ ~~~oo~~~o~~'~O()~:
·eP·?CO.o9~O dJ ~.:o.~ ~:6

Sandstone, light-grayish-brown, fine- to coarse-grained, soft, poorly sorted; a few thin conglomerate beds

Mudstone, grayish-brown, crumbly, blocky; dark-gray coating on fractures

Sandstone, grayish-brown, fairly soft, crumbly
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Conglomerate, gray to grayish-brown, very sandy, soft
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Mudstone, light-grayish-brown, brittle, sandy at intervals; conchoidal fracture with dark-gray coating on
surfaces; scarce carbonized plant fragments

-. ·f.·~·.Z·
Conglomerate, light- to medium-gray, sandy, soft, massive; maximum clast size 20 cm; a few thin beds of

grayish-brown hard sandstone containing volcanic pebbles, plant fragments, and interbedded gray
mudstone
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Section 9. West Foreland Formation. Along the Chuitna River 8.0 kIn northwest of its confluence with Chuit Creek.
SEll. sec. 19, T. 13 N., R. 13 W., Seward Meridian

Recent soil
000000000000
00000 00 0000°

30

........... , .... . .
000000000000

0°0000000000
000 00000000 0

•o' 0 '0' ;, '0'" ~ '0' 0 ~. o' 0
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Conglomerate, light-brown, horizontally bedded; granules and pebbles, maximum clast size of 2 m; very
coarse grained interbedded sandstone

Sandstone and conglomerate, light-brown; pebbles 1-2 cm in diameter in bedding planes; troughs with low
-angle foresets

o. oOOQOOoo"

',' $10000:. '00.000' •

Sandstone and conglomerate, light-brown; same as below but coarser; pebbles to cobbles

@7
20

10

• '.0,0 ·oo~· •
Sandstone, light-brown, coarse-grained to very coarse grained, conglomeratic; some low-angle foresets;

some pebble-bearing horizontal beds

Sandstone, brown; interbedded with light-gray claystone

Conglomerate and sandstone, reddish-brown (oxidized). coarse-grained to very coarse grained; scattered
granules and cobbles and lenses with low-angle crossbeds

Sandstone, grayish-brown, fine-grained; partly covered

Conglomerate, brown; yellowish-brown oxidized zones; granules to pebbles; coarse sand matrix; a few coaly
lenses; crossbeds; clay lenses

Conglomerate and sandstone, light-brown, medium- to coarse-grained; low-angle foreset crossbeds and
trough crossbeds

Sandstone, medium- to coarse-grained, friable; scattered pebbles; partly covered
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Section 10. Tyonek Fonnation and Pleistocene glacial till. Along Coal Creek 5 km south of Coal Creek Lake.
SE'/4 sec. 26, T. 16 N., R. 13 W., Seward Meridian
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Conglomerate, reddish-brown (Pleistocene glacial till)

Coal, black, flaky, silty; light colored on weathered surfaces

Mudstone, gray to brown, micaceous; a few beds of medium-gray to grayish-brown sandstone

Section 11. Tyonek Fonnation and Pleistocene glacial till. Along Coal Creek 3 km north of Beluga Lake.
SW'/4 sec. 31, T. 16 N., R. 12 W., Seward Meridian
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Conglomerate, reddish-brown; Pleistocene glacial till; boulders as much as 1 m in diameter

Sandstone, light-grayish-brown, medium- to coarse-grained; reddish-brown at base; varicolored grains; th
irregular beds have oxidized tops and layers of carbonaceous particles; interbedded conglomerate at
various horizons; coal fragments at top, rounded coal pebbles at base; some layers contain pebbles and
cobbles as much as 10 cm in diameter

Coal, black, flaky

Clay, gray, soft; oxidized reddish-brown at base; carbonaceous fragments

Coal, black, flaky

Mudstone, medium-gray; blocky fracture; brown on weathered surfaces; carbonized wood in thin layers at
intervals; traces of mica; calcareous concretions 0,15 by 0.5 m
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Section 12. Tyonek Fonnation on the south side,andnear the toe of Capps Glacier. SWI/4, sec. 10, T. 14 N., R. 14 W.,
Seward Meridian .

Claystone, gray; interbedded with shaly coal beds about 30.0-40.0 cm thick

Claystone, gray, sandy

Coal, gray, shaly; 0.5-1.5 m thick

-- -- -- -- Claystone, gray; partly covered

Claystone, light-gray; thin coal beds about 1 m apart at top

Shale, g~ay, interbedded with shaly coal; coal beds about 1 m thick separated by shale beds 1-2 m thick;
uppermost coal bed contains less shale

Sandstone, brown; deposited in channels cut into underlying beds; channel sandstone is generally massive
and has slight horizontal color banding
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Siltstone and fine-grained sandstone, light-brown; siltstone and sandstone beds 1.0-1.5 m thick separated
by shale beds 10-20 cm thick that form small escarpments

Coal, black, shaly

Claystone, light- to dark-gray, crumbly, shaly; darker layers are coaly

Claystone and crumbly shale, light-gray; grades upward to shaly coal beds 10-20 cm thick separated by
claystone beds 30-40 cm thick

Coal, black, shaly, crumbly, lenticular

Claystone, light-gray; darker zones; partly covered

Sandstone, light-gray, medium-grained; clayey upward

Claystone, light- to bluish-gray, poorly bedded; mostly covered

Coal, black, shaly, interbedded with claystone; pinches out

Claystone, light-gray, crumbly; reddish-brown color bands; light and dark (carbonaceous) laminations

Coal, black to grayish-brown, shaly; grades upward to clayey shale

Sandstone, light-gray, medium-grained; interbedded with gray claystone at

Sandstone, light-gray to brown, fine-grained; shaly and coaly at top

Claystone, gray to brown, very poorly bedded, crumbly, shaly; coaly at top
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Section 13. Lower part of the Tyonek Fonnatlon. On Capps Creek, 3 miles south of the toe of Capps Glacier.
SW'/4 sec. 24, R. 14 W., T. 14 N., Seward Meridian
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Coal, black, hard; blocky fractures (Capps coal bed)

Claystone, medium-brown and light-gray; yellowish-brown at top

Sandstone, medium-gray, soft; faintly laminated near top

Claystone, medium-gray, blocky; poorly exposed
Coal, black, hard; blocky fracture

Claystone, light-gray to grayish-brown, crumbly; interbedded with siltstone

Sandstone, light-gray to brown, fine-grained, clayey

Sandstone, light-gray, fine- to medium-grained, faintly crossbedded

Sandstone, light-gray, conglomeratic; subtle planar bedding throughout; maximum clast size 23 cm

Conglomerate, light-gray, soft, very sandy; maximum clast size 6 cm
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Section 14. Tyonek Fonnatlon. On Chultna River, 5 km northwest of entrance of Chuit Creek. NW'/4 sec. 28,
T. 13 N., R. 13 W., Seward Meridian

30 -,-----------,
Covered

Mudstone and siltstone, grayish-brown

j::_b:Z_L::_===_=L_IT_z:Cj-Limestone, brown, hard; plant fossils

Claystone, medium-gray, crumbly

-=:::....-=- -=-~ -=-_-=- ~ Siltstone, light-brown, thin-bedded, soft
20 z Z Z -Limestone, brown, hard; leaf fossils

Claystone, medium-gray, crumbly; subject to landslides

Claystone, medium-gray, sticky, crumbly; interbedded with light-brown siltstone

10

------

Covered

Coal

Covered

Sandstone, gray, soft, conglomeratic
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Section 15. Upper part of Tyonek Fonnation. Along Chuit Creek at its junction with Chuitna River.
SW1/4 sec. 1, T. 12 N., R. 13 W., Seward Meridian

Recent soil
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Sandstone, light-brown to buff, medium-grained, well-sorted; crossbeds and iron-stained lenses

Claystone, grayish-brown, crumbly; interbedded with fine-grained sandstone

Sandstone, orange-red, fine-grained, well-sorted, very friable

Claystone, dark-reddish-brown, carbonaceous, horizontally bedded

Sandstone, light-brown, fine- to medium-grained; iron-stained zones; some clay matrix and clay lenses

Coal and coaly shale, fibrous; woody texture

Sandstone, reddish-brown, iron-stained, medium- to fine-grained; interbedded with bluiSh-gray shale

Coal to coaly shale, limonite-hematite-stained

Sandstone, light-gray, fine- to medium-grained; finer at top; partly covered; interbedded with a few bluish
, gray claystone beds 10.0 cm thick

Sandstone, gray; scattered, rounded granules to pebbles, tabular-planar crossbeds

Sandstone, gray, medium-grained; thin beds of coarse-grained to very coarse grained sand; crossbeds and
pebbles in sand matrix at the top

Sandstone, light-brown to buff; limonite-hematite stains along some contacts between beds; tabular
crossbeds, curved laminations of coarse-grained to very coarse grained sand, coal seams, and lenses of
iron-stained clay

Coal, black, shaly, crumbly, friable, fibrous; weathers into ledges (Chuitna coal bed)
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Section 16. Upper part of the Tyonek Formation. Along the Chultna River 18.0 kIn upstream from its mouth.
NEIl. sec. 8, T. 12 N., R. 12 W., Seward Meridian
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Sandstone, light- to reddish-brown, very friable, well-sorted, medium-grained, crossbedded; well-developed
horizontal planar beds 0.5-1.0 m thick with coal layers and rounded pebbles along contacts between beds;
crossbeds have tangential bases

Coal, black, very shaly, flaky; fibrous wood, wood fragments, and horizontal laminations
Chuitna coal bed

Claystone, light-greenish-gray, irregularly bedded; interbedded with sandstone lenses; shaly at top
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Sandstone, light-brown, fine- to medium-grained; reddish brown staining; a few clay layers 13 cm
thick Claystone, light-gray; beds 12 cm thick; medium-grained sandstone lenses

Sandstone, light- to reddish-brown, fine- to medium-grained; scattered pebbles at base, lenses of pebbles,
and beds and lenses of clay

Claystone, medium-gray, sandy; scattered igneous pebbles and some coal clasts
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Section 17. Beluga Fonnatlon. On the south bank of the Beluga River 4.0 kIn southeast of Felt Lake.
NW'/4 sec. 10, T. 13 N., R. 11 W., Seward Meridian

Claystone, medium- to dark-gray, crumbly; partly covered

------
Coal, shaly, crumbly; poorly exposed

Claystone, medium- to dark-gray, poorly bedded, crumbly; partly covered

------

Coal, black, shaly, very crumbly; partly covered

Claystone, medium- to dark-gray, poorly bedded, crumbly; partly covered

Siltstone, dark-gray, calcareous, platy, carbonaceous; horizontal laminations
Claystone, medium- to bluish-gray, poorly bedded; partly covered

B33

90

80

10

Coal, very shaly; partly blocky and partly crumbly; few blocks thicker than 10 cm but some as thick as 20
cm near top
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Section 17 (continued)

Sandstone, light-gray, friable, crumbly; medium gray on fresh surfaces; partly covered; scattered, rounded
granules and pebbles; locally cemented with medium- to fine-grained calcite; good horizontal laminations
about 1-3 cm apart

Coal; bottom 2 m shaly, top blocky; a few crumbly beds
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Sandstone, light-gray, medium grained; scattered pebbles and lenses 5-10 cm thick of granule
conglomerate and claystone that has red to brown oxidized laminations; weathers into mostly covered
pinnacles

Sandstone, light-gray, medium-grained; clay matrix; lenses of medium-grained sandstone; hard beds with
brown rim 20 cm 1.0 m thick; weathers into vertical spires of badland like topography
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Section 18. Beluga Formation. On Beluga River 13.5 km northwest of Beluga. NEI/4 sec. 14, T. 13 N., R. 11 W.,
Seward Meridian

90 -r---:--,-----

Sandstone, gray and brown, medium- to coarse-grained, crossbedded; crossbed sets 15 em thick and faint
large-scale crossbeds
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Conglomerate, gray and brown, soft, sandy; maximum grain size 3 em; clast upward to mudstone and
sandstone

Sandstone, light-gray, fine-grained, soft

Mudstone, medium-gray, dense, soft, crumbly

Sandstone, light-gray and brown, fine-grained, crossbedded; interbeds and clasts of reddish-brown clay

60

Mudstone, medium-grayish-brown, laminated

Sandstone, grayish-brown, fine-grained, soft

.;::-~~~~~~---:; Mudstone, medium-grayish-brown, laminated; grades upward to fine-grained sandstone
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Covered; reddish-brown cindery material from burning coal

Coal; some woody fragments; partly covered

Mudstone, medium-grayish-brown, soft, crumbly; laminated or thin bedded at intervals; grades to fine
grained sandstone in places

Sandstone, medium-grayish-brown, soft, fine-grained, clayey; grades upward to siltstone and mudstone

Mudstone, medium-grayish-brown, silty, carbonaceous, faintly thin bedded to laminated; interbedded with
soft fine-grained grayish-brown sandstone

Coal, black, hard, flaky; wood
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Section 19. Beluga Fonnatlon on the north bank of the Beluga River at the confluence with Coffee Creek.
SWl/4 sec. T. 13 N., 7, R. 10 W., Seward Meridian

Recent soil
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Claystone, brown to yellowish-brown, sandy; coal clasts, scattered pebbles, and granules; grades upward to
sandstone

Claystone, dark-gray, conglomeratic, sandy; brown zones; vague horizontal bedding; granule filled channel

Sandstone, light- to medium-brown, medium-grained, very friable, oxidized

Conglomerate, light-gray to light-brown, laminated; pebbles 1-4 em in diameter; granules 0.5-0.7 em in
diameter abundant; medium- to fine-grained matrix; beds 0.5-5.0 m thick; interbedded medium-grained
sandstone lenses with pebble and granule laminations; clay galls and wood molds in clay and sandstone
lenses; low-angle foresets; a few filled channels have low-angle foresets

Section 20. Beluga Fonnatlon. Along the Chuitna River 13.0 km upstream from its mouth.
NE l/4 sec. 22, T. 12 N., R. 11 W., Seward Meridian
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Sandstone, brown, oxidized, fairly well sorted, crossbedded; some pebbles and small-scale contorted beds

Mudstone, light-brown; laminated with thin coal beds; poorly exposed

Sandstone, light-brown to gray; carbonaceous fragments and clayey coal beds at various horizons

Coal, black, flaky

Mudstone, gray, laminated; thicker layers are oxidized brown on surface and drape over logs in coal below;
grades upward to thin-bedded siltstone at top

Coal; fossil tree bark and partially carbonized wood
~---...---""'-- Mudstone, grayish-brown, dense, fairly hard; carbonized and partly carbonized wood fragments; some dark

0j\ ----l--'---'--'---'-----'--.J'o..,. brown streaks
\..V Sandstone, grayish-brown, coarse-grained, poorly sorted, thinly to irregularly bedded; oxidized horizons and

varicolored grains
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Section 21. Beluga Formation. On the south bank of the Chuitna River 8.0 kIn upstream from its mouth.
SW1/4 sec. 20, T. 12 N., R. 11 W., Seward Meridian
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Conglomerate, gray to brown; grain-supported, sandy matrix is more sandy upward; pebbles to cobbles,
maximum clast size 2.0 em

Conglomerate, gray to brown, sandy; interbedded with thin sandstone layers

Conglomerate, gray to brown, sandy; granules to pebbles, maximum clast size 1-3 em; interbedded with
medium-grained sandstone beds 10 em thick; scattered igneous clasts as large as 10 cm

Conglomerate, gray to brown, sandy; granules to pebbles; grain-supported coarse-grained to very coarse
grained sand matrix; coal seam 2 m thick

Sandstone, light-brown to brown; fines upward from fine-grained to very fine grained; oxidized reddish
brown lenses, bluish-gray clay beds, reddish-brown coaly laminations, and coal clasts

Sandstone, brown, fine- to medium-grained; sandstone beds 10-30 cm thick interbedded with bluish-gray
clay beds 10 cm thick; igneous pebbles; zones of reddish-brown, oxidized pebbly sandstone
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Claystone, Iight- to bluish-gray, shaly; irregular horizontal laminations; pods of coal 10-20 cm thick and
1-2 m wide; partly covered
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